We compared the effectiveness of antenatal betamethasone for the prevention of neonatal morbidity and mortality in preterm twin and singleton gestations. We conducted a case-control study of women with twin versus singleton gestations who received betamethasone for risk of prematurity in a university-affiliated, communitybased, tertiary care center between 1997 and 2005. Cases were identified from clinical care and pharmacy databases, then matched for neonatal gender and gestational age (GA) at delivery. Sixty cases and 60 controls of deliveries occurring between 24 and 34 weeks' gestation were identified. The mean GA was 30.4 AE 2.7 weeks. There were no differences between the groups in maternal demographics (with the exception of maternal age), birth weight, head circumference, Apgar scores, need for mechanical ventilation, days on ventilator, intraventricular hemorrhage grade 3 or 4, necrotizing enterocolitis suspected sepsis, total days in neonatal intensive care unit, or neonatal deaths. No differences in major morbidities or mortality were found in singletons versus twins. Concerns that the added maternal plasma volume in multiple gestations could lessen the neonatal benefits of antenatal betamethasone were not substantiated. This study may be affected by b-error due to small sample size and sampling bias as a result of a retrospective study.
Since the NIH Consensus Statement in 1994
regarding the effects of antenatal corticosteroids to improve perinatal outcomes in preterm birth, 1 this therapeutic approach has been used routinely in pregnancies less than 34 weeks at high risk for preterm delivery. 2 The benefits of corticosteroids include prevention of respiratory distress syndrome (RDS), intraventricular hemorrhage (IVH), and mortality in singleton preterm neonates. 3 Over the past three decades, the number of live-born twin pregnancies has increased significantly from 1.85% of live births in 1971 to 3.2% in 2004. 4, 5 Multiple gestation is recognized as a risk factor for preterm delivery, with one report noting 40% of twins delivering before 37 weeks' gestation 6 and another report noting 58.2% of twins delivering prior to 37 weeks' gestation and 11.9% prior to 1 32 weeks' gestation. 7 Based on the benefits of antenatal corticosteroids in singleton preterm births, betamethasone is commonly given to twin pregnancies at risk at the same dose. However, there is controversy regarding the appropriate dosing of antenatal corticosteroid use in this circumstance. 8, 9 In fact, there is no consensus about the effectiveness of antenatal steroid use in multiple gestations. 10 This investigation was undertaken to compare the effectiveness of the recommended betamethasone regimen for the prevention of RDS, IVH, necrotizing enterocolitis, and overall mortality in twin neonates compared with singletons and delivered before 34 weeks' gestation.
METHODS
Subjects with twin pregnancies who were administered betamethasone at Women's Pavilion at Long Beach Memorial Medical Center from January 1995 to December 2005 were identified through the pharmacy database. During this time, we identified 92 cases of twin gestations that met inclusion criteria. Maternal medical records were reviewed for the following data: age, parity, ethnicity, smoking, illicit drug use, birth number and order, gestational age and dating criteria, diabetes mellitus, presence of infection, preeclampsia, premature rupture of membranes, preterm labor, presentation, and neonatal medical record number. The neonatal medical records were reviewed for gestational age at delivery, birth weight, birth length, head circumference, Apgar scores, gender, admission to neonatal intensive care unit (NICU), meconium passage, perinatal death, number of days from birth to discharge, discharge weight, length, head circumference, need for and duration of mechanical ventilation as a proxy for RDS, severe intraventricular hemorrhage, sepsis, necrotizing enterocolitis, surfactant use, postnatal corticosteroid exposure, and perinatal death. These outcome measures for the first-born twin were compared with singletons born to women at risk for preterm delivery between 24 and 34 weeks' gestation who received betamethasone.
Cases were excluded for the following criteria: delivery occurred at another facility, known fetal anomalies, twin-twin transfusion syndrome, deliveries at less than 24 weeks' gestation or greater than 34 weeks' gestation, in utero demise of one or both twins, and unknown antenatal steroid therapy status. Twin-twin transfusion syndrome was defined as presentation in the midtrimester with the oligopolyhydramnios sequence (deepest vertical pocket of amniotic fluid in the donor being less than or equal to 2 cm and in the recipient greater than 8 cm) associated with weight discordance among the fetus greater than 20%.
Subject information for twin gestations was then cross-referenced against the labor and delivery database known as ObStat. A control group of singleton pregnancies who received betamethasone and delivered between 24 and 34 weeks' gestation was identified using the following individual matching criteria: estimated gestation age at delivery (24 weeks to 27 weeks and 6 days, 28 weeks to 31 weeks and 6 days, and 32 weeks to 33 weeks and 6 days) and neonatal gender. If multiple controls were identified during the same time period, that subject who delivered in closest temporal proximity to the case was used for our analysis. Sixty cases and 60 matching controls were identified.
Statistical Analysis
Continuous variables such as birth weight, head circumference, and days of mechanical ventilation were compared using Student t tests. Categorical variables such as IVH, RDS, or composite neonatal morbidity (defined as IVH, need for mechanical ventilation [representing RDS], necrotizing enterocolitis, patent ductus arteriosus, suspected sepsis, and neonatal death) were compared using chi-square, Mann-Whitney U, and Fisher exact tests where appropriate. Multivariable regression analyses were performed to evaluate the influence of time of betamethasone administration to delivery on the occurrence of neonatal complications. For this analysis, the time interval from betamethasone dosing was the independent variable, and each of the neonatal morbidities were both independently and then in a composite were the dependent variables. Statistical significance was set at a level of p < 0.05.
RESULTS
There were no differences in the twin group compared with the singleton group in most maternal demographics (height, weight, body mass index, or ethnicity), except for maternal age (Table 1) . This is a reflection of a higher need for infertility treatment in older women resulting in twin gestations. There were no differences between the groups in birth weights (1434.5 AE 466.5 versus 1481.3 AE 573.6 g), head circumference at delivery (28.3 AE 2.7 versus 27.4 AE 3.4 cm), Apgar scores at 1 and 5 minutes (Table 2) , need for mechanical ventilation (48.3% versus 56.7%), number of days on ventilator (16.9 AE 17.7 versus 21.6 AE 18.3), or total NICU days. IVH grade 3 or 4 (13.3% versus 20.0%) and necrotizing enterocolitis (11.7% versus 16.7%) occurred with similar frequencies among the groups. Although there were more singleton neonates treated for suspected sepsis, the number of cultureproven sepsis cases was not different between the groups (nine versus three for twins and singletons, respectively, p ¼ 0.08). Neonatal deaths (1.7% versus 6.7%) occurred more frequently in the control group, but this difference was not statistically different.
We also evaluated composite neonatal morbidity and found that it was not different between groups (Table 3) .
To evaluate the effect of the interval from betamethasone dosing on the presence of the major neonatal morbidities, we performed a multivariable regression analysis model and found no significant differences between groups for any of the major neonatal morbidities (data not presented). The interval between dosing and delivery was 12.7 AE 15.3 days for the twins and 9.1 AE 10.1 days for the singleton controls (p ¼ 0.14). The frequency of the major neonatal morbidities also did not vary in the twins group when comparing monochorionic versus dichorionic gestations (data not presented).
DISCUSSION
No differences in neonatal morbidities such as RDS, IVH, suspected sepsis, patent ductus arteriosis, or neonatal death occurred more frequently in twins than in singletons in this case-control investigation evaluating the effectiveness of antenatal betamethasone. In addition, there were no differences found in neonatal biometric measures between groups. Concerns that the added maternal plasma volume in multiple gestations could lessen the neonatal benefits of antenatal betamethasone were not substantiated. A small sample size confers the possibility of b-error, and the retrospective nature of this investigation invites the possibility of sampling bias leading to the differences in major adverse outcome measures. It is possible that with a different study methodology such as group matching, significant differences between the major morbidities could have been identified.
The recommended dose of betamethasone is two 12-mg doses intramuscularly 24 hours apart. In animal studies, dose occupies 75% of the singleton fetal corticosteroid receptors, invoking a near maximal induction of receptor-mediated response in fetal target tissues. [11] [12] [13] By inference, because similar transient reductions in fetal heart rate caused by antenatal corticosteroid administration have been described in both singleton and twin pregnancies, a portion of each betamethasone dose enters the fetal compartments. [14] [15] [16] [17] In clinical practice, the same dose of betamethasone is given irrespective of the pregnancy plurality. Pharmacokinetic data indicate that higher doses of betamethasone are needed in twin gestations to reduce neonatal morbidity and mortality. 13 A study measuring serial betamethasone levels in twin and singleton pregnancies indicates that betamethasone clearance is more rapid and the half-life shorter in patients with twin pregnancies, supporting the theory that subtherapeutic blood levels of betamethasone are achieved in twin pregnancies. 13, 18 Because of this, Ballabh et al recommend a possible schedule of three doses of betamethasone, 12 mg given every 18 hours. 13 Although some researchers report a similar incidence of RDS in twins and singletons antenatally exposed to betamethasone, 19, 20 others failed to reproduce these results. [21] [22] [23] Turrentine et al found no decrease in the incidence of RDS between 21 twins who received antenatal corticosteroids compared with 63 who did not receive b-methasone. 21 Similarly, Quist-Therson et al, with a larger sample size (232 twin and 708 singleton pregnancies), also showed no significant reduction in RDS among twins with birth weights between 500 and 1500 g. 22 Marttila et al found that twins born before 28 weeks had a higher incidence of RDS compared with singletons. In contrast, the same study found that this risk was lower in twins born between 32 and 36 weeks. 23 Unfortunately, in this investigation, treatment with betamethasone was not well described. Finally, a recent study in Israel demonstrated that although a complete course of antenatal corticosteroids significantly reduced the incidence of respiratory distress syndrome irrespective of plurality, steroid effectiveness appeared to decrease with increasing plurality. 24 Each of these studies is limited by their retrospective natures.
We acknowledge the weaknesses of our investigation, which include its retrospective nature and a small sample size. A post hoc power analysis indicates that this investigation had a 28% power to detect a difference in the most common outcome of suspected sepsis; for other outcomes, the power was less. Strengths of this investigation include the homogeneity of clinical care given that the data were collected from a single institution in which the perinatal medical care has been overseen largely by a single group of perinatal practitioners and neonatologists, and its casecontrol design with attention to matching for potential confounders.
Our findings, along with these published clinical and pharmacokinetic reports, suggest that a prospective evaluation of the effectiveness of the recommended dose of betamethasone for the reduction of neonatal morbidity and mortality in twin compared with singleton gestations is needed.
